Background Few clinical trials have evaluated long-term treatment of nail psoriasis with biologics.
Introduction
Nail disease in patients with psoriasis is a chronic, painful condition that can result in impaired function, restrictions in daily life activities, and can aggravate the reduced quality of life, including psychological stress and negative effects on social activities inherent to psoriasis. [1] [2] [3] [4] Concomitant skin or scalp psoriasis, or psoriatic arthritis (PsA) can occur with nail psoriasis. 2, 5, 6 Approximately half of patients with skin psoriasis can have nail involvement, 7 and approximately 80% of patients with both psoriasis and PsA also have nail involvement. [8] [9] [10] Longer-term nail disease may precede more severe psoriasis or PsA. 11 Higher rates of nail disease are associated with more severe psoriasis and longer psoriasis duration. 1, 6, 11 Quality of life for psoriasis patients can be much worse for those with concomitant nail psoriasis. 12 Treatment of nail psoriasis differs depending on disease severity. Systemic therapy has been recommended for patients with psoriasis that is limited to the nails or who have not responded to topical therapy, as well as for more severe disease and when multiple body areas are involved (skin, nails and joints). 13 Time to treatment response is slow because of the length of time involved in nail growth (5-7 months for complete nail growth 14 ) . Several clinical trials have evaluated long-term treatment and effectiveness of biologic agents for nail psoriasis. Most have evaluated subpopulations of psoriasis patients who had concomitant moderate-to-severe nail psoriasis [tumour necrosis factor alpha (TNF-a) inhibitors etanercept 15 and infliximab 16, 17 ; IL 12/23 inhibitor ustekinumab, 18 IL-17A inhibitor ixekizumab 19, 20 and JAK inhibitor tofacitinib 21 ]; however, none evaluated long-term safety in their respective nail psoriasis populations. Two trials prospectively evaluated patients with moderate-to-severe nail disease: one in patients treated with secukinumab 22, 23 and the other in the current phase-3 trial described below.
The anti-TNF-a agent adalimumab [Humira (AbbVie Inc, North Chicago, IL, USA)] has demonstrated efficacy and safety up to 28 weeks for the treatment of nail psoriasis in studies of patients with moderate-to-severe psoriasis and PsA. [24] [25] [26] [27] A phase-3, randomized, controlled trial of adalimumab treatment of patients with moderate-to-severe plaque psoriasis and concomitant fingernail psoriasis reported efficacy and safety results from the first 26 weeks. 28 Here, we report long-term efficacy and safety results from the second 26- week, open-label extension (OLE) portion of that trial.
Materials and methods

Study design
This was a phase-3, multicenter, double-blind, randomized, parallel-arm, placebo-controlled trial. 28 In the initial 26-week Period A, patients were randomized in a 1 : 1 ratio to 40-mg adalimumab every other week (starting at Week 1, after an 80 mg dose at Week 0) or to placebo. Patients were required to escape early from Period A into the OLE if starting from Week 16, they experienced significant worsening of their skin psoriasis [increase in body surface area (BSA) involvement by at least 25% over the baseline measurement]. This allowed the study to remain blinded and enabled patients receiving placebo to avoid undue disease burden. Upon completion of Period A, patients entered the 26-week OLE and either continued with or switched to 40-mg adalimumab every other week. Efficacy and safety outcomes throughout the 52 weeks of the study are reported here.
The study was conducted in accordance with International Council for Harmonisation guidelines, applicable regulations and the principles of the Declaration of Helsinki. Patients reviewed and signed an informed consent statement. The study protocol was approved by an independent ethics committee or institutional review board at each site.
Enrolment
As previously described, 28 enrolment criteria included BSA ≥10% or ≥5% with a total modified Nail Psoriasis Severity Index (mNAPSI) score ≥20; target fingernail mNAPSI score of ≥8; a score of at least moderate severity for the Physician's Global Assessment for Fingernail Psoriasis (PGA-F 29 ) and the Physician's Global Assessment for Skin Psoriasis (PGA-S) scores; and a score of >3 for the Nail Psoriasis Physical Functioning Severity (NPPFS) score or Nail Psoriasis Pain Numeric Rating Scale (NRS) score. Patients were not allowed previous adalimumab treatment or concomitant treatment for nail psoriasis during the study.
Efficacy assessments
The main efficacy analyses across 52 weeks were achievement of 75% or more improvement relative to baseline in total-fingernail mNAPSI 30 (mNAPSI 75), and achievement of PGA-F 0/1 (clear or minimal) with a ≥2-grade improvement from baseline. The mNAPSI endpoint was chosen because nail disease severity and nail involvement are reflected in the scoring. Other efficacy analyses across 52 weeks included per cent improvement from baseline in total-fingernail NAPSI, 31 achievement of total-fingernail mNAPSI score of 0 and achievement of at least 50% improvement in the scalp component of the Brigham Scalp Nail Inverse Palmo-Plantar Psoriasis Index 32 [B-SNIPI50 (scalp)] relative to baseline for patients with baseline scalp psoriasis score of ≥6 (assessed only for patients in US and Puerto Rico). A description of the methods that were used in this study to score nail disease has been published. 28 Patient-reported outcomes across 52 weeks included the following scores: improvement from baseline in Nail Psoriasis Pain numerical rating scale (NRS) using a scale of 0 (no pain) to 10 (severe pain); mean change from baseline in Nail Psoriasis Physical Functioning Severity (NPPFS) score, which measured the impact of fingernail psoriasis on the ability to perform physical tasks, using a scale of 0 (none) to 10 (severe); mean change from baseline in Nail Assessment of Psoriasis and Psoriatic Arthritis Quality of Life (NAPPA QoL) score, 33 which measured the impact of nail psoriasis on hands and/or feet in terms of patient suffering and ability to function, using a scale of 0 (no effect) to 4 (very much of an effect) for each question; and mean change from baseline in Nail Psoriasis Quality of Life (Nail Ps QoL), which measured the impact of nail psoriasis on patient quality of life, using a scale of 0 (none) to 10 (severe).
Post hoc analyses of efficacy during the OLE were performed for a subgroup with a history of PsA. These included achievement at Week 52 of mNAPSI 75, mean change from baseline in Nail Psoriasis Pain NRS and mean change from baseline in Nail Ps QoL.
Statistical analyses
Efficacy of long-term treatment with adalimumab across the trial was determined by evaluating continuous adalimumab treatment from Week 0 to Week 52 for all patients who were randomized to adalimumab at Week 0 (Continuous-ADA Population, N = 109; Fig. 1 ). Missing data for the long-term treatment analysis were handled by multiple imputation for all endpoints. As-observed results are also reported.
Efficacy of adalimumab was also analysed in the OLE. The two dose groups included patients who received placebo in Period A (pbo/ADA, N = 94) and patients who received adalimumab in Period A (ADA/ADA, N = 94; Fig. 1 ). Efficacy for the subgroup with a history of PsA was evaluated post hoc for the two dose groups in the OLE (pbo/ADA and ADA/ADA). Missing data for all OLE efficacy analyses were handled by non-responder imputation (NRI) for categorical variables and by last observation carried forward (LOCF) for continuous variables.
Safety was evaluated by treatment-emergent adverse events for the two OLE treatments and for all patients who received at least one dose of adalimumab during the entire trial (All-ADA Population, N = 203; Fig. 1 ).
Results
Baseline
Of the 217 randomized patients, 188 (86.6%) entered the OLE after reaching Week 26 or escaping early to the OLE (94 in each OLE treatment group) and 168 completed the study (81 pbo/ ADA, 87 ADA/ADA; Fig. 1 ). Demographics and baseline characteristics for the 188 OLE patients showed that the majority were male (84.6%) and White (95.2%) with a mean age of 47.2 years. Mean BMI of 29.4 kg/m 2 indicated that patients were on average, preobese. 34 To evaluate the long-term efficacy of adalimumab treatment, the 109 patients initially randomized to adalimumab were evaluated continuously from baseline to Week 52 (Continuous-ADA Population).
Patients had substantial nail disease and pain at baseline as measured by total-fingernail mNAPSI and NAPSI scores and by Nail Psoriasis Pain NRS score. The effect of nail psoriasis at baseline on patient's quality of life was measured by Nail Ps QoL, NAPPA QoL and NPPFS scores ( Table 1) .
Efficacy
For the Continuous-ADA Population (N = 109), the rate of achievement of total-fingernail mNAPSI 75 was 25.9% at Week 16 and increased to 47.4% at Week 26 and to 54.5% at Week 52. Similar results were seen with the rate of achievement of PGA-F 0/1 with ≥2 grades of improvement from baseline (Fig. 2 ). Improvements in response to adalimumab long-term treatment were also seen from Weeks 16-52 for the other efficacy endpoints in this analysis, including total-fingernail mNAPSI = 0 ( Table 2) . The observed mean improvement in patient-reported outcomes increased across the trial to Week 52 (Fig. 3 ). The per cent improvement relative to baseline at Weeks 4 and 52 were 37% and 76% for Nail Psoriasis Pain NRS, 28% and 74% for NPPFS, 28% and 74% for Nail Ps QoL, and 16% and 48% for NAPPA QoL.
Patients who were randomized to placebo in Period A and entered the OLE (pbo/ADA) showed an increase in totalfingernail mNAPSI 75 response starting at the time they switched to ADA at OLE entry (Week 26) (5.3%) and continuing to Week 52 (50.0%) ( Fig. 2) . Similar rates were seen for the pbo/ADA group in achievement of PGA-F 0/1 with ≥2 grades of improvement from baseline, at OLE entry (5.3%) to Week 52 (53.2%) ( Fig. 2) . Increased response was also demonstrated across the other efficacy outcomes from OLE entry to Week 52 for the pbo/ADA group ( Table 2) .
The rate of achievement of total-fingernail mNAPSI 75 and of PGA-F 0/1 increased substantially from OLE entry to Week 52 for the pbo/ADA group, regardless of PsA history, and for the ADA/ADA group with a history of PsA (Fig. 4 ). The rate of achievement of total-fingernail mNAPSI 75 and PGA-F 0/1 for the ADA/ADA group with no history of PsA was stable from OLE entry up to Week 52. Mean improvement in patient-reported outcomes of nail pain NRS, NPPFS, Nail Ps QoL score and NAPPA QoL score also increased from OLE entry to Week 52 for both treatment groups, regardless of PsA history ( Fig. 4 ).
Safety
For the 203 patients in the All-ADA population, the majority of adverse events were mild (46, 22.7%) or moderate (64, 31.5%) in severity. The most common events were nasopharyngitis (12.3%) and upper respiratory tract infection (8.4%). The rates of serious adverse events and of serious infections were 6.9% and 3.4%, respectively ( Table 3) . Rates of adverse events for the 188 patients in the OLE (Table 3) were similar to those for the All-ADA population. For these patients, most of the events were mild (40, 21.3%) or moderate (45, 23.9%) in severity. The most common were nasopharyngitis (9.6% pbo/ADA vs. 12.8% ADA/ADA) and upper respiratory tract infection (6.4% pbo/ADA; 4.3% ADA/ ADA). The rates of serious adverse events and of serious infections were similar between the two OLE treatment groups (3.2% and 2.1% pbo/ADA vs. 3.2% and 1.1% ADA/ ADA). 
52-Week adalimumab treatment, nail psoriasis
Serious non-infectious adverse events for the All-ADA Population were cardiac failure, myocardial infarction, diverticular perforation, anaphylactic reaction, arthropod sting, tenosynovitis, seizure, major depression, suicidal ideation, bladder sphincter atony, stress urinary incontinence, prostatitis and hypertensive crisis (n = 1 for each event). Serious non-infectious adverse events in the OLE were myocardial infarction (pbo/ ADA, n = 1) and tenosynovitis, seizure and stress incontinence (ADA/ADA, n = 1 for each).
There were no events of tuberculosis, opportunistic infections, demyelinating disorders or deaths. There was 1 event of benign breast neoplasm in the ADA/ADA group.
Discussion
In this trial, adalimumab at the dose approved for treatment of moderate-to-severe plaque psoriasis also treated patients with moderate-to-severe nail psoriasis across 52 weeks of treatment. The treatment response appeared sustainable, and incremental improvements were observed in the rate of achievement of total clearance of nail disease across 52 weeks. The OLE results corroborate and extend the results reported from the placebo-controlled portion of the study and suggest that adalimumab efficacy after 52 weeks of continuous therapy may be higher than after 26 weeks.
As postulated in Elewski et al., 28 patients who had a partial treatment response at 26 weeks may have experienced additional response to longer-term treatment, given the slower growth dynamics of the nail apparatus than of skin plaques, and therefore, the time to achieve ultimate improvement in nail disease could be beyond 26 weeks We observed that the response rate to adalimumab treatment increased from OLE entry to Week 52. Patients who had been randomized to placebo in Period A were able to achieve similar results by the end of the OLE after being switched to adalimumab in the OLE. Week-52 efficacy for patients randomized to placebo in Period A and receiving adalimumab starting at Week 26 (i.e. efficacy for these patients after 26 weeks of continuous adalimumab) was numerically similar to the efficacy observed at Week 26 for patients who had been randomized to adalimumab in Period A, indicating that the results across the study are internally consistent.
Efficacy outcomes in this trial as measured by mean per cent improvement from baseline in NAPSI (Table 2) were reported in other randomized, controlled trials of long-term biologic treatment of nail psoriasis. These include a trial (REACH) of adalimumab 40 mg every-other-week treatment for psoriasis of the hands and feet (Week 28, 54.6%), 24 and a trial (TRANSFIG-URE) of the IL-17A inhibitor, secukinumab 150 and 300 mg once weekly for 5 weeks then every 4 weeks (Week 32, 52.6% for 150 mg and 63.2% for 300 mg). 35 Published results from other long-term trials may help to further contextualize the results from our trial (Table 4) , although psoriasis was the primary analysis in those trials, and nail psoriasis was a secondary or post hoc analysis in subsets of the psoriasis patients. Improvements in treatment response were generally also observed regardless of whether patients had a prior history of PsA or not. Improved treatment response to adalimumab regardless of baseline PsA status was also seen in a post hoc analysis of psoriasis patients from another phase-3 trial of adalimumab; mean NAPSI scores improved after 16 weeks of adalimumab treatment. 27 Like nail psoriasis, scalp psoriasis is associated with the development of PsA, 36 is frequently a manifestation of skin psoriasis, is difficult to treat and can have a negative impact on patient quality of life. 37, 38 In the current trial, the incidence of concomitant scalp psoriasis was similar to the published rate in patients with chronic plaque psoriasis. 39, 40 Improvement in scalp psoriasis was achieved by over 60% of patients during the OLE, including patients who were switched from placebo to adalimumab upon entry to the OLE and patients receiving long-term adalimumab treatment.
The safety results from this study are consistent with the known adalimumab safety profile, although the serious infection rate for adalimumab was higher than in other adalimumab trials evaluating patients with moderate-to-severe psoriasis [41] [42] [43] and with moderate-to-severe psoriasis of the hands and feet. 24 Safety results over 52 weeks were comparable to those after 26 weeks of adalimumab treatment. 28 No unexpected safety risk was identified. 24, 44 Adverse event rates are not comparable to the other trials of long-term, biologics treatment for nail psoriasis mentioned earlier, as they did not report safety results for the nail psoriasis populations in their trials. This study was limited by the requirement of at least 5% affected BSA involvement and the small sample size of patients with scalp psoriasis.
In conclusion, 52 weeks of every-other-week treatment with 40-mg adalimumab improved patient response to the study endpoints, signs and symptoms of moderate-to-severe nail psoriasis and patient-reported quality of life. The achievement rates of mNAPSI and total clearance of nail disease (mNAPSI = 0) improved across 52 weeks. No new safety risks were identified with adalimumab treatment in this population.
